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Project ObjectivesProject Objectives

• Develop and demonstrate a modeling framework that 
allows technology component models to be assembled 
into an advanced power plant design whose performance, 
emissions and cost can be simulated and modified in a 3-D 
virtual engineering environment 

• Develop and demonstrate the capability to utilize and link 
a hierarchy of component models of different levels of 
complexity suitable for different applications ranging from 
preliminary design to detailed plant design
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ApproachApproach

• Utilize the VE-Suite virtual engineering environment developed 
by ISU to link, simulate and visualize user-defined models of 
advanced power systems

• Utilize the Integrated Environmental Control Model (IECM) 
developed by CMU to provide initial simulations of complete 
power plants employing combustion- or gasification-based 
designs with near-zero emissions  

• Later, utilize other models in place of IECM components to 
demonstrate an integrated modeling hierarchy  



The IECMThe IECM
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The IECMThe IECM

• A desktop computer model 
developed for DOE/NETL

• Provides preliminary design 
estimates of performance, 
emissions, costs and uncertainties:  

PC, NGCC and IGCC plants
Emission control systems
CO2 capture and storage options 
(pre- and post-combustion, oxy-
combustion, transport, storage)

• Hundreds of users worldwide
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IECM Software PackageIECM Software Package
(Free at:  (Free at:  www.iecmwww.iecm--online.comonline.com))
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Advanced Power Systems with Advanced Power Systems with 
COCO22 Capture and Storage Capture and Storage (CCS)(CCS)

• PC plant with post-combustion capture

• PC plant with oxyfuel combustion

• NGCC plant with post-combustion capture

• IGCC plant with pre-combustion capture
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Select Plant Type

A Quick Tour of the IECMA Quick Tour of the IECM



PC Plant with CCSPC Plant with CCS
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Oxyfuel Plant with CCSOxyfuel Plant with CCS

E.S. Rubin, Carnegie Mellon



NGCC Plant with CCSNGCC Plant with CCS
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IGCC Plant with CCSIGCC Plant with CCS
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Specify Fuel Properties
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Set Power Block Parameters
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Specify Gasifier Parameters
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Set Financial Parameters
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Get Results for Overall Plant
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Results for Plant Mass Flows
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Results for Plant Costs
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Results for Specific Components
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VEVE--SuiteSuite

E.S. Rubin, Carnegie Mellon



E.S. Rubin, Carnegie Mellon

The VEThe VE--Suite EnvironmentSuite Environment
((http://http://vesuite.orgvesuite.org))

• Key Features
Comprehensive graphics capabilities  
Supports a hierarchy of component models
Extensibility for component models
Platform independence
Distributed computing
Multiple disciplines

• Software Packages
VRJuggler
Kitware’s Visualization ToolKit (VTK)
Open Scene Graph
CORBA compliant libraries (ACE/TAO)
wxWidgets
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The VEThe VE--Suite FrameworkSuite Framework
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Connecting Models to VEConnecting Models to VE--SuiteSuite
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Connecting Models to VEConnecting Models to VE--SuiteSuite
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User 
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Recent DevelopmentsRecent Developments
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Linking IECM to VELinking IECM to VE--SuiteSuite

• Cooperative effort between CMU and ISU

• Approximately 35 IECM component model plug-ins 
as options for configuring complete power plants

• IECM re-coded using standardized interface protocols

• All engineering and cost calculations are done in 
IECM; current 3-D visualizations are illustrative

• VE-Suite reports all inputs and outputs;  all 
quantitative results in VE-Suite are “live”
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Physical SetupPhysical Setup

2-D interface 
& keyboard 

controls

3-D wall 
or monitor 

display



Illustrative Applications to Illustrative Applications to 
Advanced Power Systems  Advanced Power Systems  
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All IECM Plant Types are All IECM Plant Types are 
Now Available in VENow Available in VE--SuiteSuite
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View Available IGCC ComponentsView Available IGCC Components
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Select a PreSelect a Pre--Configured Configured 
IGCC FlowsheetIGCC Flowsheet
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Selected IGCC FlowsheetSelected IGCC Flowsheet
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Power Block Performance InputsPower Block Performance Inputs
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Gasifier Performance InputsGasifier Performance Inputs
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IGCC Plant Visualization 
(270 MWnet)
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Increase Plant SizeIncrease Plant Size
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IGCC Plant  
(800 MWnet)
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Remove “Links” to Add Remove “Links” to Add 
COCO22 Capture and StorageCapture and Storage
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Manually Add CSS TechnologiesManually Add CSS Technologies
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New Flowsheet: IGCC with CSSNew Flowsheet: IGCC with CSS
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IGCC w/CCS  
(740 MWnet)
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IGCC w/CCS Flyby  
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Mass Flow Summary (VEMass Flow Summary (VE--Suite)Suite)
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Plant Cost Results (VEPlant Cost Results (VE--Suite)Suite)

Total Capital Cost 
($/kW)

Cost of Electricity 
($/MWh)
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Configure Other Plant TypesConfigure Other Plant Types
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Configure Other Plant TypesConfigure Other Plant Types
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PC Plant Visualization
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PC Plant w/ CCS
(Advanced amine system)
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Oxyfuel Combustion Plant
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NGCC Plant
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NGCC Plant w/ CCS
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NGCC-CCS Flyby
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Next Steps Next Steps 

• Link and import CFD components and graphics 

• Standardize and test array of elements to be passed 
between component models 

• Link and import vendor component graphics and 
layouts to VE-Suite 

• Incorporate IECM uncertainty analysis tools and 
graphical outputs
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Future WorkFuture Work
• Automate development of reduced form models to 

facilitate faster computation and ease of use

Source: M.Bockelie, REI, 2004



Thank YouThank You

rubin@cmu.edurubin@cmu.edu

E.S. Rubin, Carnegie Mellon


